Background: Rehabilitation, with an emphasis on physiotherapy and exercise, is widely promoted after total knee replacement. However, provision of services varies in content and duration. The aim of this study is to update the review of Minns Lowe and colleagues 2007 using systematic review and meta-analysis to evaluate the effectiveness of post-discharge physiotherapy exercise in patients with primary total knee replacement.
Background
In the year to 31st March 2013, over 75,000 primary total knee replacements were performed by the NHS in England and Wales with about 97% of procedures subsequent to osteoarthritis [1] . In the USA in 2010, the estimated number of hospital discharges after total knee replacement procedures was 719,000 [2] . Osteoarthritis is the leading cause of pain and disability in older people [3, 4] and if pharmacological and conservative treatments do not relieve symptoms joint replacement is recommended [5] .
Rehabilitation, with a particular emphasis on physiotherapy and exercise, is widely promoted after total knee replacement [6] . During the hospital stay, physiotherapy targets mobilisation and achievement of functional goals relating to hospital discharge. Further post-discharge physiotherapy and exercise-based interventions promote re-training and functional improvement. However, provision of these services varies in content and duration [7, 8] .
Minns Lowe and colleagues reviewed evidence from 6 randomised trials with 614 patients on the effectiveness of post-discharge physiotherapy after total knee replacement [9] . Since their literature search in 2007, additional trials have been published. Our aim was to update the review and further explore the possible benefit of specific physiotherapy modalities.
Methods
We used systematic review methods as described in the Cochrane handbook of systematic reviews [10] , and reported the review in accordance with the PRISMA statement for reporting systematic reviews and meta-analyses of randomised controlled trials [11] .
Types of studies
To eliminate selection bias, we included studies that were randomised controlled trials (RCTs) with randomisation either at the individual or cluster level. We also included studies with a quasi-randomised design (for example alternate allocation). Studies reported only as abstracts, or that we were unable to acquire as full text copies using interlibrary loans or email contact with authors, were excluded from the analyses. Studies where patients with total knee replacement were identified retrospectively were also excluded. No language restrictions were applied.
Participants
Adults with recent primary total knee replacement.
Types of interventions
We included any physiotherapy or exercise-based intervention. Interventions commenced at a pre-specified time after discharge from the hospital; typically at 2-12 weeks, and were either outpatient, community or home-based. We included studies comparing physiotherapy exercise interventions with: usual or standard care; different types of intervention including home-based; and enhanced physiotherapy formats with additional components. Interventions including electrical stimulation, acupuncture or electrical modalities such as continuous passive motion were excluded as these were considered as adjunct to physiotherapy or exercise-based intervention.
Search methods for identification of studies MEDLINE, Embase and PsycINFO on the OvidSP platform, CINAHL and Cochrane Library databases were searched from inception to 4th October 2013. Search terms related to: hip and knee replacement; randomised controlled trial; and exercise, rehabilitation and physiotherapy. Previous systematic reviews and meta-analyses were checked [9, 12] . Citations of key articles in ISI Web of Science were checked and reference lists searched. Articles identified were managed in an Endnote X5 database.
Inclusion/exclusion
Full articles relating to potentially relevant abstracts identified during initial screening were obtained and assessed independently for eligibility, based on the defined inclusion criteria, by two reviewers (NA, KTE). If there was any doubt a third reviewer was consulted (ADB).
Data extraction
Data extraction was undertaken in duplicate (NA, KTE, ADB). Reasons for exclusion at this stage were summarised. Results were recorded on a piloted data extraction form and Excel spreadsheet. Data was extracted on: country and dates of study; participants (indication, age, sex); inclusion and exclusion criteria; content of intervention and comparison (control) group; setting, timing, duration and intensity of intervention; follow up duration; losses to follow up and reasons; and outcomes.
For outcomes reported as continuous variables, means and standard deviations were extracted. If outcomes were reported as means and confidence intervals, or medians and inter-quartile ranges, appropriate conversions were applied [10] .
The primary author of the study was contacted for missing data if necessary. We also asked if any outcomes not reported in their publications had been collected. If authors had provided information to other reviewers this data was included in our analyses and acknowledged appropriately.
Assessment of risk of bias in included studies
Potential sources of bias were assessed according to the Cochrane risk of bias table [10] . Bias was assessed on the grounds of: random sequence generation, allocation concealment, blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources. In the context of post-surgical physiotherapy exercise, participants and therapists were generally unable to be blinded to the intervention. Quality was judged as: Good; Reasonable (e.g. non-blind follow up with self-complete questionnaires); or Possible bias (unequal or major loss to follow up, or important baseline differences).
Data synthesis
If sufficient studies reported common outcomes, data was combined as standardised mean differences using random effects meta-analysis [10, 13] . Where outcomes used the same measurement scale we combined data as the mean difference.
Heterogeneity between included studies was assessed using the I 2 statistic. Possible heterogeneity arising from inclusion of studies of different methodological quality was investigated based on the risk of bias assessment. Funnel plots were used to explore publication bias.
Results

Included studies
Review progress is summarised as a flow diagram in Figure 1 . Eighteen eligible randomised controlled trials were identified. Reasons for exclusion are summarised in Additional file 1 and excluded studies are listed in Additional file 2.
Characteristics of the 18 included studies are presented in Table 1 . Studies ranged in size from 43-160 patients (median 94) and included a total of 1,739 patients. Where reported, the main diagnosis was osteoarthritis, and the mean age in studies ranged from 66 to 73.5 years. The duration of follow up ranged from 3 weeks to 24 months, though we describe data in our meta-analysis from 3 months onwards. 
Intervention focus
The focus of the intervention was: movement and exercise [14] [15] [16] , exercises aimed at managing kinesophobia [17] , functional [18, 19] or strengthening exercise [20] , compared with minimal physiotherapy exercise in seven studies; home compared with outpatient provision in six studies [21] [22] [23] [24] [25] [26] ; physiotherapy with additional balance [27, 28] or cycling components [29] compared with standard physiotherapy in three studies; walking skills compared with more general physiotherapy in one study [30] ; and pool-based compared with gym-based provision in one study [31] . Interventions commenced within 6 months of surgery and in the majority of studies within 2 months.
Patient adherence
Where information was available, patient adherence to the intervention was good with 60% or more of patients completing programmes.
Outcome measures
Outcomes reported in studies were classified as: patient reported physical function or pain; physiological tests; physical performance tests; and generic health related quality of life measures. The most frequently used physiological outcome was knee range of motion (ROM) expressed as extension and/or flexion in 10 studies [14] [15] [16] 18, 20, 23, 25, 28, 30, 31] . Less frequently reported outcomes were isometric muscle strength, leg power, and knee oedema. Performance measures reported were walking (walking speed, metres walked in specified time, and time to walk a specified distance), stair ascent and descent tests, and chair rise tests. The 6-minute walk test was the most frequently reported test of walking performance reported in 4 studies.
Study quality
We completed a risk of bias assessment for each study and summarised these in Table 2 . The main potential source of bias was from large and uneven losses to follow up in six studies. Two further studies were judged to be of reasonable quality with overall losses to follow up between 10 and 20%. There was no suggestion of risk of bias in nine studies. There was no clear evidence of publication bias from inspection of funnel plots. However numbers of studies were small for several outcomes and in sub-group analyses.
Comparison of different physiotherapy interventions
Results for comparisons of physiotherapy exercise and no intervention and home-based and outpatient delivery are summarised in Table 3 . Meta-analyses used random effects models, an a priori decision based on the known variation in physiotherapy exercise content. Pooled effect sizes are standardised mean differences except for range of motion where mean differences are reported. For the other interventions we provide a brief narrative summary of outcomes.
Physiotherapy exercise compared with minimal intervention
In seven studies, patients randomised to physiotherapy exercise intervention were compared with a control group receiving no intervention or minimal intervention [14] [15] [16] [17] [18] [19] [20] . For control group patients, minimal treatment was either only inpatient rehabilitation common to both groups [20] , or instructions on home exercise given before discharge [15] [16] [17] [18] [19] or at a two-month post-operative outpatient appointment [14] .
Patient reported physical function
Results for all intervention comparisons and outcomes are summarised in Table 3 .
Data was available at one or more time points for 5 studies that compared a physiotherapy intervention with a control group that received minimal physiotherapy [14, 15, 17, 19, 20] . Studies reported Western Ontario and McMaster Universities Arthritis Index (WOMAC) physical function, Oxford Knee Score, Knee Injury and Osteoarthritis Outcome Score (KOOS) activities of daily living scale or Iowa Level of Assistance Scale (ILAS) total score. As shown in the meta-analysis in Table 3 and Figure 2 , at 3-4 months, physiotherapy exercise was associated with an improvement in physical function in 3 studies with 254 patients [15, 19, 20] , average SMD −0.37 (95% CI −0.62, −0.12; p = 0.004). At 6 months there was a non-significant trend for benefit in 3 studies [14, 17, 19] , SMD −0.43 (95%CI −0.95, 0.08; p = 0.10), and little difference between groups in 4 studies [14, 15, 17, 19] at 12 months. Heterogeneity was high in studies reporting outcomes at 6 and 12 months and this was not explained by inclusion of studies with high risk of bias [14, 20] . After exclusion of these studies, benefit was apparent at both 3 and particularly at 6 months, SMD −0.64 (95% CI −1.15, −0.13; p = 0.01), but included only 2 studies at each follow up.
Patient reported pain
Four studies reported a pain outcome at one or more follow up times [14, [17] [18] [19] . Studies reported WOMAC pain, KOOS pain or OKS pain. As shown in Table 3 and Figure 3 , in two studies with 103 patients [18, 19] , a pain outcome was reported at 3-4 months with average SMD −0.45 (95% CI −0.85, −0.06; p = 0.02) favouring physiotherapy exercise. There was a trend for benefit at 6 months in 4 studies with 287 patients [14, 17, 18, 32] , average SMD −0.29 (95% CI −0.68, 0.10; p = 0.15). At 12 month follow up there was little to suggest benefit for patients receiving physiotherapy exercise compared with untreated controls in 4 studies with 281 patients [14, 17, 18, 32] . Heterogeneity was high at 6 and 12 month follow up. Only one study had low risk of bias at each Pooled effect sizes are standardised mean differences except for range of motion where mean differences are reported (random effects models). of 3-4 and 12 months [17] precluding meta-analysis. At 6 months, 2 higher quality studies [17, 19] showed benefit, average SMD −0.58 (95% CI −0.88, −0.29; p = 0.0001).
Range of motion
ROM extension data suitable for meta-analysis was available from 3 studies with 252 patients [14, 15, 20] , and ROM flexion from 5 studies with 396 patients [14] [15] [16] 18, 20] . As shown in Table 3 and Figure 4 , there was little to suggest long-term benefit for outpatient physiotherapy improved long-term ROM extension. Benefit was only evident in 2 studies with follow up at 3 months after total knee replacement. For ROM flexion there was evidence of improved flexion in patients receiving physiotherapy exercise, particularly after 6 and 12 months. Benefit was seen in studies with low risk of bias but this was based on a small number of studies.
Physical performance
Measures of walking performance (metres walked in a set time, time to walk a specified distance and walking speed) were combined with attention paid to direction of effect. An improvement in walking performance in three3 studies with 169 patients [14, 18, 19] was not significant, average SMD −0.17 (95% CI −0.48, 0.13; p = 0.27). There was no heterogeneity across studies.
Home-based compared with outpatient delivery of physiotherapy exercise
Home-based provision was compared with outpatient physiotherapy in six studies [21] [22] [23] [24] [25] [26] .
Patient reported physical function
Data was available at one or more time points for five studies comparing the outcomes of home-based physiotherapy exercise with outpatient or standard provision [21, 22, [24] [25] [26] . Physical function was measured using WOMAC, KOOS and OKS in 5 studies with up to 436 patients followed up [21, 22, [24] [25] [26] . As shown in Table 3 and Figure 5 , there was no suggestion of a difference in functional outcome between home and outpatient provision at 3-4 months, 6 months or 12 months. For example at 3-4 months, the average SMD was −0.03 (95% CI −0.25, 0.19; p = 0.80). No heterogeneity was apparent and consideration of higher quality studies did not suggest any difference in outcomes after home or outpatient physiotherapy exercise. However numbers of studies to base this on were small.
Patient reported pain
Studies reported WOMAC pain, KOOS pain or VAS pain. Data was available at 3-4 months for three studies with 248 patients [21, 22, 24] . As shown in Table 3 and Figure 6 , there was no difference in pain outcome between patients randomised to home-based or outpatient physiotherapy exercise, average SMD −0.00 (95% CI −0.25, 0.25;p = 0.98). One study followed up 85 and 92 patients at 6 and 12 months [21] and showed no benefit for reduced pain at either follow up.
Range of motion
ROM extension was reported in 3 studies with 261 patients [21, 23, 24] and ROM flexion in five studies with 448 patients [21, [23] [24] [25] [26] . Outcomes are summarised in Table 3 and Figure 7 . There was no suggestion of a difference in ROM extension between randomised groups at any time point. For ROM flexion there was an improved ROM flexion at 3-4 months in patients who received homebased physiotherapy exercise compared with outpatient provision [21, [23] [24] [25] . This was maintained in studies with low risk of bias [21, 23, 24] . There was no evidence for longer term benefit in 2 studies [21, 26] .
Physical performance
In 3 studies with 267 patients randomised [21, 25, 26] there was no suggestion that walking performance differed between groups. 
Pool-based physiotherapy
One study compared pool-based physiotherapy with gymbased provision [31] . There were no differences between treatments in WOMAC physical function, WOMAC pain or ROM extension and flexion at the end of the interventions and at 26 week follow up.
Walking skills
In one study a walking skills programme was provided from 6 weeks after surgery for 6-8 weeks. A comparison group received "usual physiotherapy care". All patients previously received extensive physiotherapy after surgery at a rehabilitation centre and subsequently in an outpatient setting [30] . There were no statistically significant differences in KOOS outcomes or ROM between groups at 9 months. However a difference in the 6 minute walk test favouring the walking skills group noted immediately after the intervention was sustained at 9 months.
Additional physiotherapy components
One study with 159 patients evaluated addition of ergometer cycling to a general physiotherapy intervention [29]. There were no differences in pain outcome between randomised groups at any of the follow up intervals from 3-4 months to 24 months.
Two studies evaluated addition of a balancing component to a general physiotherapy intervention with a total of 93 patients randomised [27, 28] . Studies reported different follow up times but individually there was no evidence for improvement in LEFS or WOMAC physical function. Similarly, NRS pain and WOMAC pain were similar at all follow up periods. One study which included additional balance training reported ROM extension and flexion at short term follow up [28] . There were no differences in either measure between intervention and control groups.
Discussion
Randomised controlled trials of physiotherapy and exercise interventions after total knee replacement provide some evidence for-short term effectiveness. In the key analysis comparing patients who received a programme of physiotherapy exercise with those receiving no intervention there were short-term benefits for physical function, SMD −0.37 (95% CI −0.62, −0.12; p = 0.004), and pain, SMD −0.45 (95% CI −0.85, −0.06; p = 0.02). However, these small to medium sized effects [33] , were based on only 3 studies with 254 patients, and 2 studies with 103 patients randomised respectively. No benefit was apparent regarding longer-term improvements to function and pain in the randomised controlled trials of physiotherapy exercise that we identified. For physical function this observation was based on 4 studies with high heterogeneity which was not explained by consideration of the 2 studies with low risk of bias.
With a more robust evidence base this could be interpreted as a speeding up of recovery attributable to physiotherapy exercise but with a similar long-term level of recovery irrespective of post-discharge care. More realistically it suggests the need for appropriately powered studies.
There is no up-to-date national guidance to support the facilitation of early recovery using exercise-based rehabilitation. Physiotherapy should also address patient expectations [34, 35] , since the key expectations of patients undergoing knee replacement relate to long-term functional and pain outcomes [36] [37] [38] [39] . Strategies to improve communication and provide patients with a better understanding of realistic expectations after knee replacement need to be considered prior to surgery [35] .
The problems of poor medium to long-term patient outcomes after total knee replacement are recognised. Judge and colleagues assessed functional improvement according to a number of success criteria and concluded that 14-36% of patients did not improve or were worse 12 months after surgery [40] . In a study of patients with moderate to severe hip or knee arthritis, Hawker and colleagues reported that only about 50% of patients had a clinically important improvement in WOMAC score at a median of 16 months after surgery [41] . Regarding post-surgical pain [42] , unfavourable outcomes were reported by 10 to 34% of knee replacement patients in 11 representative populations identified by Beswick and colleagues. There is clearly a need for rehabilitation strategies that can enhance recovery for the majority of patients and target patients whose post-surgical experience is unfavourable. Westby and Backman highlighted the importance of utilising strategies to empower patients in the rehabilitation process [35] . Provision of tailored rehabilitation programmes may assist in maximising individual outcome after surgery and are worthy of further research.
Knee range of motion is commonly measured after knee replacement and is a component of clinician-based outcome measures such as the Knee Society Clinical Rating System [43] . Across the trials reporting range of motion, we observed benefit for physiotherapy exercise in studies with low risk of bias compared with controls for flexion only. However, although useful as a trial outcome [16] , ROM is considered a poor marker of implant success [44, 45] , and may not influence patient satisfaction with their replacement [46] . As with all the results of our meta-analyses, conclusions are limited by the small number of small studies that we identified.
The need for measures of both gait and a patient reported functional outcome is recognised [47, 48] . A measure of walking performance was included in over half of the studies we identified but we were unable to identify any benefit from physiotherapy exercise. In four higher quality studies there was a trend for benefit but this was not statistically significant.
Studies of physiotherapy exercise after hospital discharge are pragmatic in nature with patients who have consented to be randomised free to participate to whatever extent they choose or to seek physiotherapy exercise additional to that in their allocated group. When reported, uptake and adherence by patients randomised to groups with a specific physiotherapy exercise intervention was good. A limitation of the review is the possibility that patients in the minimally treated control group received some physiotherapy. We did not anticipate that being allocated to a control group would preclude the possibility of referral for physiotherapy on the basis of individual clinical need. For example, Moffet and colleagues reported that about a quarter of control group patients received some home physiotherapy service [19] . However, in the subgroup of studies comparing physiotherapy exercise provision with minimal provision there was little to suggest overlap with the subgroups comparing alternative methods of provision.
There were insufficient studies with adequate patient numbers to provide conclusive evidence on different methods of provision. Physiotherapy exercise provided at home is an appealing approach with the possibility of wider acceptability and uptake. However, equivalence or non-inferiority trials need large numbers of patients and have yet to be undertaken. Our meta-analysis included only 310 patients for the short-term physical function outcome and less for the key longer-term outcomes. Similar issues of study size affect interpretation of physiotherapy exercise provided in a hydrotherapy pool, enhanced with additional cycling and balancing components, or focusing on walking skills. This highlights the difficulty of developing a complex physiotherapy exercise intervention.
A search for ongoing trials in ClinicalTrials.gov identified some randomised trials of physiotherapy exercise in total knee replacement. These are evaluating the effect of additional strength training [49, 50] , independent exercise prescription compared with supervised exercise [51], and progressive resistance rehabilitation compared with traditional rehabilitation [52]. One ongoing study will evaluate intensive physiotherapy for patients performing poorly at 6 weeks following total knee replacement [53] . Targeting physiotherapy at those with greatest functional need may be a valuable approach but many other patients have sub-optimal outcomes [54] , and may also benefit from appropriate intervention.
An important problem that home-based physiotherapy exercise may address is that uptake of rehabilitation is frequently low and that patients who do not attend are more likely to be those with poorer functional health. Optimising uptake and adherence to interventions is an important issue in rehabilitation [55, 56] . In their systematic review of interventions for enhancing adherence with physiotherapy, McLean and colleagues found only short-term evidence of effectiveness of exercise adherence strategies and little evidence that home based-interventions are associated with good adherence [55] . They concluded that a strategy to improve adherence to physiotherapy treatment should probably be multi-dimensional.
Despite the inclusion of 18 randomised controlled trials compared with 6 trials in the review of Minns Lowe and colleagues, our conclusion is similar with a possible short-term benefit for physiotherapy exercise after knee replacement. There was only limited evidence from a single small study focusing on walking skills to suggest that any benefit was maintained at longer-term follow up. We concur with Minns Lowe and colleagues and Muller and colleagues [12] that further research is needed.
Some physiotherapy exercise will generally be provided to patients with total knee replacement even if this only comprises advice following on from inpatient rehabilitation. Healthcare professionals and policy makers need to know what content and duration of physiotherapy exercise is necessary to improve short and long-term outcomes and which patients are likely to benefit. Appropriate care can then be provided to each individual patient. Future studies should include credible evaluation of methods with well-designed and appropriately powered randomised trials with a focus on completeness of follow up.
